Abstract
Introduction
According to Rotterdam criteria [1] , polycystic ovary syndrome (PCOS) is characterized by chronic anovulation and/or oligomenorrhea, clinical and/or biochemical hyperandrogenemia, and polycystic ovary morphology [2] . Studies of familial segregation patterns and twin studies provided convincing evidence for a genetic etiology, but a clear Mendelian inheritance pattern is lacking [3] . It is widely shared that PCOS is the result of a complexity interaction of multiple genetic and environmental factors [4, 5] .
Metabolic alterations such as obesity and insulin resistance are frequently accompanied with PCOS [6, 7] and worsen the symptoms of hyperandrogenemia [8] [9] [10] . Glucocorticoids (GCs) have huge impact on the regulation of fat distribution, lipid and glucose metabolism. It has been reported that increased peripheral cortisol metabolism was associated with PCOS and independent of body mass index (BMI) [11] . Peripheral GCs metabolism depends on the tissue-specific interconversion of cortisol and cortisone [12] [13] [14] . HSD11B1 and H6PD encode 11-beta-hydroxysteroid dehydrogenase type 1 (HSD11B1) and hexose-6-phosphate dehydrogenase (H6PD) and adjust the oxo-reductase activity [15, 16] .
HSD11B1 located at chromosome lq32-41 responsible for the regeneration of glucocorticoids from hormonally-inactive metabolites into active forms in a tissue-specific manner [17] . Many researches have proved that the interconversion of cortisol and cortisone is a primary pathway in glucocorticoids metabolism [17] and demonstrated a pathogenic role for HSD11B1 in metabolic disease. Polymorphisms in HSD11B1 have been investigated associated with metabolic phenotype in human, including hyperandrogenemia, type 2 diabetes and hypertension [17] [18] [19] [20] .
HSD11B1 oxo-reductase activity requires NADPH (nicotinamide adenine dinucleotide phosphate) provided by H6PD [21] . H6PD gene located at lp36.2, encodes H6PD as a key enzyme influences 11β-hydroxysteroid dehydrogenase activity in the peripheral metabolism of cortisol [22] . Although previous genetic studies reported a significant association between H6PD polymorphisms and the phenotype of PCOS [10, 22, 23] , a case-control study in 2011 using DNA samples from 74 patients with PCOS and 31 healthy controls indicated that the H6PD gene coding variants rarely (<1.5%) were responsible for hyperandrogenemic PCOS [24] .
In this study, we aimed to investigate the polymorphisms rs6688832 and rs17368528 of H6PD and rs846908 of HSD11B1 in an independent population and tried to provide evidence for the association of these polymorphisms with PCOS in Chinese population.
Materials and Methods

Study population
All of the subjects in this study were Chinese Han population. A total of 335 PCOS patients and 354 healthy controls were recruited from Jiangsu Province Hospital Affiliated to Nanjing Medical University and Nanjing Maternity and Child Health Care Hospital between March 2005 and February 2009. The PCOS patients (mean age: 28.04 ± 3.87 years) were from those who routinely were referred to our outpatient clinic for PCOS evaluation and selected according to the Rotterdam criteria [1] without a history of fertility and endocrine problems. All subjects were nonsmokers. This study protocol was approved by the Institutional Ethics Committee of Nanjing Medical University. Written informed consent was obtained from all participants.
Patients fulfilling any 2 of the following 3 criteria were diagnosed as having PCOS: ligoovulation or oligomenorrhea, clinical or biochemical hyperandrogenemia, and polycystic ovaries morphology [1] . Patients who had diabetes, and congenital adrenal hyperplasia, Cushing syndrome, androgen-secreting tumors, hyperprolactinemia, thyroid disorders, hypertension, or hepatic or renal dysfunction had been excluded from this study. Oligoovulation were determined by menstrual cycle longer than 35 days or less than 21 days with single-phase basal body temperature (BBT) or negative urinary luteinizing hormone. Hyperandrogenemia was determined by the clinical presence of hirsutism (Ferriman-Gallwey score 6), acne and/or alopecia with high androgen (normal range: total testosterone 0.1-0.75 ng/ml). Polycystic ovaries were defined by ultrasound as the presence of 12 or more small (2-9 mm in diameter) follicles in each ovary and /or increased ovarian volume (> 10 ml; calculated by 0.5 length × width × thickness) [1] . Controls were fertile women (mean age: 30.15 ± 3.08 years), without any clinical or laboratory evidence of PCOS. They were invited for metabolic testing during a routine evaluation. The subgroups of PCOS women and controls were estimated according to age or BMI.
Sample collection
On the 3rd to the 5th day of a spontaneous menstrual cycle or a progesterone-induced withdrawal bleeding from PCOS patients, heparinized whole-blood samples were gathered in the morning after fasting overnight using tubes containing ethylenediaminetetraacetate (EDTA) (as anticoagulant). Then, every subject had a physical examination including weight, height, waist and hip circumference measurement. The hip circumference was the largest hip size and waist circumference was measured nearby umbilicus when subjects were standing. The plasma of the whole-blood samples was removed and stored at -80°C before analysis. Genomic DNA was extracted from the heparinized venous blood leukocytes of PCOS patients and controls using standard phenol-chloroform method. Follicle stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL), testosterone (T), estradiol (E2), dehydroepiandrosterone-sulfate (DHEAS) and fasting insulin (FINS) were detected by chemiluminescence assay. Fasting plasma glucose (FPG) and oral glucose tolerance test (OGTT) were detected by hexokinasemethod. The following formulas were adopted to calculate some parameters: HOMA-B% (homeostasis model assessment-B) = 20 × fasting insulin / (fasting plasma glucose-3.5). HOMA-IR (essment-Insulin resistance) = fasting insulin × fasting plasma glucose/22.5 (normal range: < 1.8). QUICKI (quantitative insulin sensitivity check index) = 1 / (logFINS + logFPG (mg/dl)) (normal range: 0.375). BMI = weight (kg) / height 2 (m 2 ).
variants of HSD11B1 and H6PD were investigated based on the HapMap database (http:// www.hapmap.org). Genotypes were detected by the TaqMan allelic discrimination assay on an ABI 7900HT Fast real-time PCR system (Applied Biosystems). For the quality control, all the genotyping assays were performed without knowing the case/control status and a random 5% of cases and controls were genotyped twice by another technician, yielding a 100% concordant.
Statistical analysis
Fluorescence data were exported into Excel format and analyzed as scatter points. HardyWeinberg equilibrium (HWE) was tested by a goodness-of-fit χ 2 test. The general clinical and metabolic variables of PCOS patients were expressed as mean ± standard deviation (mean ± SD). The risk of PCOS was estimated as odds ratios (OR) and 95% confidence intervals (95% CI) using unconditional multivariate logistic regression adjusted for age and BMI. All statistical analyses were carried out using Stata (Version 9.0, StataCorp LP, TX, USA), and P < 0.05 were considered to be significant.
Results
The crude genotype frequencies in patients with PCOS (n = 335) and controls (n = 354) are shown in Table 1 . The frequencies for patients with PCOS were in HWE expectations (P = 0.388 for rs6688832; P = 0.408 for rs17368528; P = 0.365 for rs846908). We found the genotypic frequencies of the rs6688832 polymorphism had a significant difference in subjects with PCOS compared with controls, with the GG genotype being more commonly found in controls after adjusting for potential covariates (age and BMI) (adjusted OR, 0.62; 95% CI = 0.39-0.99; P = 0.045). The GG carriers of polymorphism rs6688832 had 0.62-fold lower risk suffering from PCOS and the G allele of polymorphism rs6688832 was 0.79-fold lower risk (adjusted OR, 0.79; 95%CI = 0.63-0.99; P = 0.040). However, no significant difference was found in the genotype frequencies of the polymorphisms H6PD rs17368528 and HSD11B1 rs846908 between patients with PCOS and controls ( Table 1) . The relationship between the HSD11B1 and H6PD polymorphisms and the clinical parameters in PCOS women are shown in Tables 2 and S1 Table. As shown in Table 2 , patients with AG genotype of rs6688832 had a much lower level of FSH than those carrying AA genotype (P = 0.039). However, no significant association was found between clinical characteristics and polymorphisms rs846908 in HSD11B1 and rs17368528 in H6PD.
In order to investigate the stratification between rs6688832 and the risk of PCOS, we analyzed the different frequencies between the A and G allele of rs6688832 in both patients with PCOS and controls (Table 3) . In Table 1 , we found the G allele frequency of polymorphism rs6688832 was significantly lower in the patients with PCOS than controls (P = 0.040). When we divided subjects into subgroups according to age and BMI, we observed that the frequency of rs6688832 G allele was significantly higher in controls than that in PCOS patients in the subgroup of BMI >23 (adjusted OR, 0.70; 95% CI = 0.50-0.98; P = 0.037). However, no significant difference was found between the G allele and A allele frequencies of rs6688832 in the subgroups divided by age (Table 3) .
To analyze the relationship between the three polymorphisms and hyperandrogenemia, we divided patients with PCOS into two subgroups: hyperandrogenemia and without hyperandrogenemia (Table 4 ). In hyperandrogenemia group, patients with AG genotype of rs6688832 had a much higher frequency and had a statistical difference compared with AA genotypes (adjusted OR, 2.36; 95% CI = 1.14-4.89; P = 0.021). No significant difference was found in genotype frequencies distributions of the polymorphisms rs17368528 of H6PD and rs846908 of HSD11B1 (Table 4) .
Discussion
It is universally acknowledged that PCOS is a kind of complex heterogeneous diseases [4, 5] , and the etiology of the disease is still unknown. The phenotypes of PCOS endocrine disorder include hyperandrogenemia, high LH / FSH (luteinizing hormone /folliclestimulating hormone) ratio, irregular menstruation, obesity, insulin resistance and/or infertility. Previous study has demonstrated that metabolic abnormalities are associated with PCOS [8, 9] . Many researches proved that the HSD11B1 linked to various metabolic abnormalities and the importance has been testified in obesity and insulin resistance and other components of the metabolic syndrome [19, 21, 25, 26] . H6PD gene has been reported associated with PCOS and might influence its phenotype by influencing adrenal activity [10, 24] . Therefore, H6PD and HSD11B1 can be considered as key genes to explain the metabolic abnormalities of PCOS.
Polymorphisms are common DNA sequence variations among population playing an important role in the development of several hereditary diseases. As key genes of cortisol metabolism, HSD11B1 and H6PD play an important role in human endocrine regulation. In our study, we observed a significantly higher frequency of rs6688832 GG genotype and G allele in the controls compared with patients with PCOS. No significant different distribution of genotypes or allele of polymorphism rs17368528 and rs846908 were observed between patients with PCOS and controls. After dividing both patients and controls into two subgroups based on their age or BMI, we found G allele of rs6688832 could protect overweight women from consequence of PCOS. In order to explore the probable mechanisms, we performed secondary structure prediction of the H6PD mRNA sequence using the algorithm RNAfold [27] . As shown in S1 Fig, black arrowheads pointed the significant changes of RNA structure both under minimum free energy (MFE) secondary structure and centroid secondary structure. The changes in RNA structure suggested that the rs6688832 polymorphism might affect the stability of the RNA or the interaction of the RNA with other macromolecules. Together, our result indicate that the G allele of rs6688832 in H6PD exert a potential genetic protective character against the development of PCOS. In addition, we examined the association between the three polymorphisms of HSD11B1 and H6PD and the clinical features of PCOS, we found a significant difference in FSH level between AA and AG genotypes of rs6688832 in H6PD. Compared with AA genotype, we found the PCOS patients with AG genotype had a lower level of FSH. No significant difference was found between clinical parameters and rs17368528 in H6PD and rs846908 in HSD11B1. Then we divided patients into two groups by testosterone level to evaluate the distribution of the three genotypes, we also found a significant difference between AA and AG genotype of rs6688832 and the AG genotype was associated with hyperandrogenism, but no statistical different distribution of polymorphism rs17368528 of H6PD and rs846908 of HSD11B1 were observed. This consistency might be contributed to several reasons. Firstly, it might be related to the dysfunction of hypothalamus pituitary ovary axis due to the hyperandrogenism. Secondly, FSH was inhibited in a low level in patients with PCOS due to the high level of estrogen converted by the androgen. Thirdly, FSH can activate the enolization enzyme, promote the androgen into estrogen and induce the formation of LH receptor. The lower level of FSH can decrease the activity of enolization enzyme, inhibit the conversion of androgen into estrogen and increase the level of androgen. Our study indicated that the AG genotype of rs6688832 was associated with the phenotype of hyperandrogenism of PCOS. A previous genetic study reported that H6PD variants were associated with the PCOS phenotype by influencing obesity, insulin resistance and rarely responsible for hyperandrogenism [24] . In this study, we found the variants of rs6688832 are associated with the phenotype of hyperandrogenism of PCOS. The inconsistency, on one hand, might be due to different genetic backgrounds and environmental factors which cause differences in association studies. On the other hand, the sample size in our study is larger and is more likely to find the real association.
In summary, our results showed that the GG genotype and G allele of rs6688832 in H6PD might act as a genetic protective role against the development of PCOS. Patients with PCOS carrying AG genotype of rs6688832 could influence FSH level and associated with the phenotype of hyperandrogenism of PCOS. Although it is not known at present as to how polymorphisms in the H6PD lead to different phenotype of PCOS, it is hypothesized that it might play a certain role and affect the function of the hypothalomo-pituitary-gonadal axis in humans. Our findings still need to further confirmed by larger sample size studies with a different ethnicity in the occurrence of hyperandrogenemia in patients with PCOS. Further studies are required to find out the molecular mechanism of the rs6688832 AG genotype on the risk of hyperandrogenemia and PCOS.
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